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Background. For several decades, the incidence of pancreatic
cancer has been 50% to 90% higher among blacks than among
whites in the United States. The purpose of this study was to
identify risk factors that may contribute to this racial disparity.
Methods. We conducted a population-based case-control study of
pancreatic cancer diagnosed in Atlanta (GA), Detroit (MI), and
10 New Jersey counties from August 1986 through April 1989.
In-person interviews were exclusively with subjects (526 cases and
2153 population controls), rather than with next of kin.
Results. The determinants of the higher incidence of pancre-
atic cancer among blacks than among whites differed by sex.
Among men, established risk factors (ie, cigarette smoking,
long-term diabetes mellitus, family history of pancreatic can-
cer) account for 46% of the disease in blacks and 37% in
whites, potentially explaining all but 6% of the excess risk
among blacks. Among women, however, other factors appear

to contribute to the racial disparity, notably moderate/heavy
alcohol consumption (�7 drinks per week) and elevated body
mass index (above the first quartile). When these less accepted
risk factors were combined with the established risk factors,
88% of the disease in black women and 47% in white women
were explained, potentially accounting for all of the excess risk
among blacks in our female study population.
Conclusions. Among men, the established risk factors (mainly
cigarette smoking and diabetes mellitus) explain almost the
entire black/white disparity in incidence. Among women,
however, other factors appear to contribute to the racial dis-
parity, notably moderate/heavy alcohol consumption and ele-
vated body mass index. In the absence of these factors, pan-
creatic cancer incidence rates among blacks probably would
not exceed those among whites of either sex.
(EPIDEMIOLOGY 2003;14:45–54)
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For several decades, the incidence of pancreatic
cancer has been consistently higher in blacks than
in whites in the United States.1 In 2002, pancre-

atic cancer will rank fifth among both blacks and whites

in U.S. cancer mortality, accounting for nearly 30,000
deaths.2 In 1995–1999, the average annual age-adjusted
incidence rates were 16.6/100,000 for blacks and 10.7/
100,000 for whites.2 Reasons for this 55% excess risk
among blacks are unclear. Pancreatic cancer incidence
rates among blacks living in Africa appear to be low in
comparison to those among African-Americans,3–5 sug-
gesting that lifestyle or other environmental factors con-
tribute to the racial disparity in risk in the United States.

In the late 1980s, we conducted a population-based
case-control study of pancreatic cancer in black and
white Americans to identify reasons for the excess risk
among blacks. In previous reports from this study, the
effects of cigarette smoking, alcohol drinking, dietary/
nutritional factors, medical conditions and family his-
tory of pancreatic cancer were examined.6–9 In particu-
lar, cigarette smoking, long-term diabetes mellitus and a
positive family history were identified as risk factors for
pancreatic cancer. Although causal relations are un-
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clear, other factors that appeared to contribute to risk
include heavy alcohol consumption, obesity, moderate/
high caloric intake, less frequent intake of cruciferous
vegetables and cholecystectomy. The purpose of the
present analysis is to identify the factors that indepen-
dently contribute to the excess risk among blacks, and
the extent to which these factors may explain the black/
white difference in incidence rates. The role of socio-
economic variables (eg, income, education, marital sta-
tus) is also evaluated as a potential contributor to the
racial disparity.

Methods
We conducted a population-based case-control study

of selected cancers that occur excessively in blacks com-
pared with whites (ie, cancers of the pancreas, prostate
and esophagus, and multiple myeloma) in three areas of
the United States. One general population control group
was the source of controls for all four cancer sites.

The case series in this analysis consisted of all cases of
carcinoma of the exocrine pancreas (International Clas-
sification of Diseases for Oncology code � 157) first
diagnosed from August 1986 to April 1989 among 30–
79-year-old residents of geographic areas covered by
population-based cancer registries located in Atlanta
(DeKalb and Fulton counties), Detroit (Macomb, Oak-
land and Wayne counties), and New Jersey (10 coun-
ties). To ensure the population-based nature of the case
series and the completeness of case ascertainment, we
initially included all cases with reported pancreatic can-
cer regardless of the presence of tissue confirmation.
Because about 15% of the cases lacked tissue confirma-
tion, an in-depth medical chart review was conducted to
determine the accuracy of diagnosis. Based on this re-
view, we excluded 5.5% of identified pancreatic cancer
patients because they were found to be “unlikely” to
have pancreatic cancer. Additional details regarding the
chart review have been reported previously.10

Because pancreatic cancer is a rapidly fatal disease,
death was a major reason for nonparticipation. Despite
our emphasis on identifying and interviewing patients at
home as quickly as possible (median time from diagnosis
to interview was 7 weeks), 471 of the 1153 patients
initially identified for study died before the interview
could be conducted. Of the 682 surviving patients iden-
tified for study, we interviewed 526 patients (percentage
interviewed � 75% for whites and 81% for blacks).

To determine the comparability of those who died
with those who lived long enough to be interviewed, we
conducted interviews with next of kin of a sample of 325
deceased cases. The next-of-kin interview included only
broad categorical questions that next-of-kin respondents
have been shown to answer reliably.11–12 For most ques-
tions, the pattern of responses from next of kin of de-

ceased cases was similar to that from patients who were
interviewed personally.6–9

We randomly selected the control series from the
general population of the study areas, frequency match-
ing controls to the expected age-race-sex distribution of
cases of all four types of cancer combined in each study
area. Control subjects age 30–64 years were chosen by
random digit dialing of telephone numbers.13 Eighty-six
percent of all households contacted provided a house-
hold census that served as the sampling frame for selec-
tion of control subjects under 65 years of age. Of the
1568 control subjects selected from these households, we
interviewed 1227 (percentage interviewed � 78% for
whites and 78% for blacks). Control subjects age 65–79
years consisted of a stratified random sample drawn from
the Centers for Medicare and Medicaid Services rosters
of the population age 65 or older in each study area. Of
the 1232 older control subjects selected, we interviewed
926 (percentage interviewed � 78% for whites and 73%
for blacks).

Subjects were usually interviewed at home by inter-
viewers who were not informed of either the case or
control status of the subject or the hypotheses under
investigation. Written informed consent to participate
in the study was obtained from each subject before
initiating the interview. The questionnaire was designed
to obtain detailed information on smoking habits, alco-
hol intake, diet and nutritional factors, medical condi-
tions, family history of cancer, usual occupation and
socioeconomic status (ie, education, annual family in-
come at the time of the interview and the number of
individuals supported by that income, and marital sta-
tus). We also queried subjects about their usual adult
height and weight, which was used to compute the body
mass index (BMI; kg/m2 for men, kg/mg1.5 for women).14

The study was reviewed by the National Cancer Insti-
tute Special Studies Institutional Review Board.

We used the odds ratio (OR) to quantify the effects of
potential risk factors (eg, income, education and marital
status) on pancreatic cancer risk. ORs and 95% confi-
dence intervals (CIs) were estimated by unconditional
logistic regression analysis.15–16 Statistical models in-
cluded terms for exposure, the matching factors (ie, age
at diagnosis/interview, race [when appropriate], sex
[when appropriate] and study area), as well as terms for
potential confounding variables (ie, cigarette smoking,
moderate/heavy alcohol consumption, diabetes mellitus,
cholecystectomy, moderate/high BMI, moderate/high
caloric intake, less frequent cruciferous vegetable intake,
low income and marital status). To test for trend, we
computed the Wald statistic. When appropriate, the
exposure variable was treated as continuous in the model
by entering the median value among the controls for
each level of the categorical variable.
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We used the population attributable risk (PAR) as an
analytic tool to quantify the proportion of the black
excess in risk that may be attributable to a specific risk
factor or combination of risk factors (summary PAR).
Race- and sex-specific PARs were computed by the
method of Bruzzi et al.,17 and two-sided 95% CIs by the
method of Benichou and Gail18; PARs and their CIs
were adjusted for the same potential confounding vari-
ables as the ORs. This approach to PAR estimation is
based on unconditional logistic regression. For meaning-
ful PAR estimation, we defined cutpoints for exposure to
capture the observed increase in risk associated with that
variable or variables, which may have differed by sex.
When the shape of the dose-response curve for an ex-
posure differed for men and women, we used the cut-
points for the exposure that best expressed the increased
risk in each sex. Within each sex, however, race-specific
PARs were based on the same exposure cutpoints be-
cause the main comparison in this analysis was between
the PARs for blacks and those for whites.

Some interviewed subjects were excluded from anal-
ysis for the following reasons: the presence of pancreatic
cancer judged unlikely (16 cases), histologic diagnosis of
islet cell carcinoma (10 cases), no medical record avail-
able for review (6 cases), unsatisfactory interview (1 case
and 7 controls), and data not ascertained for one or more
key analytic variables (14 cases and 41 controls). In
addition, 45 cases and 132 controls with unreliable di-
etary histories (ie, subjects with extremely low or high
amounts of food consumption) were excluded from all
PAR analyses because many PAR analyses included di-
etary factors as exposure variables. Thus, the PAR anal-
yses were based on first-person interviews with 434 cases

diagnosed with carcinoma of the exocrine pancreas and
1973 population controls.

Results
Socioeconomic Status

We examined pancreatic cancer risk according to
several measures of socioeconomic status: income, edu-
cation and marital status (Table 1). Among men, a
substantial inverse trend in risk with decreasing income
was apparent in both blacks and whites (P value for
trend � 0.013 and 0.022, respectively). Estimates of risk
were higher for blacks than whites at each level of
income, with ORs peaking at 2.7 (CI � 1.2–6.1) for
blacks and 1.8 (0.9–3.4) for whites with a family income
of less than $10,000 per year, after adjustment for po-
tential confounding variables (including number of fam-
ily members supported by that income). In contrast,
number of years of education completed appeared unre-
lated to risk in both black and white men. We also
examined an occupation-based measure of socioeco-
nomic status (data not shown). Patterns of risk were
similar to those observed for income although somewhat
weaker, suggesting that income rather than occupation
per se was more strongly related to risk. A separate
analysis of data collected on usual occupation suggested
that occupational exposures play a relatively small role
in the etiology of pancreatic cancer (data not shown). In
the evaluation of marital status, being never married
appeared related to an elevated risk in black men (OR �
2.3; 0.9–6.2), whereas little increased risk was seen
among white men who never married (OR � 1.2;
0.6–2.5).

TABLE 1. Association of Income, Education and Marital Status with Pancreatic Cancer, by Sex and Race

Risk Factor

Men Women

White Black White Black

No. of
Cases

No. of
ControlsOR* 95% CI

No. of
Cases

No. of
ControlsOR* 95% CI

No. of
Cases

No. of
ControlsOR*

95%
CI

No. of
Cases

No. of
ControlsOR* 95% CI

Income†
�$25,000 63 389 1.0 12 165 1.0 47 170 1.0 11 49 1.0
$10,000–24,999 71 237 1.5 1.0–2.3 30 233 1.9 0.9–4.2 48 134 0.9 0.5–1.6 34 110 1.3 0.6–3.0
�$10,000 19 53 1.8 0.9–3.4 28 158 2.7 1.2–6.1 30 65 1.3 0.6–2.7 44 166 0.8 0.3–1.9

P � 0.022‡ P � 0.013‡
Education§

�High school 56 337 1.0 13 117 1.0 37 146 1.0 16 54 1.0
High school 57 207 1.2 0.8–1.9 17 132 1.1 0.5–2.3 64 164 1.1 0.6–1.8 28 107 0.9 0.4–2.0
�High school 51 188 0.9 0.5–1.5 48 347 1.1 0.5–2.3 41 111 0.9 0.5–1.6 50 186 0.8 0.4–1.7

Marital status�
Married 133 589 1.0 43 388 1.0 82 268 1.0 30 151 1.0
Widowed, separated, divorced 20 110 0.7 0.4–1.1 28 185 1.3 0.7–2.2 55 134 1.2 0.7–2.0 60 178 1.9 1.1–3.3
Never married 11 39 1.2 0.6–2.5 7 23 2.3 0.9–6.2 6 22 1.1 0.4–3.1 4 18 1.2 0.3–4.4

* ORs adjusted for age at diagnosis/interview, study area, cigarette smoking, heavy alcohol drinking, diabetes mellitus, cholecystectomy, obesity, total caloric intake,
and cruciferous vegetable intake.
† Annual income at time of interview. ORs also adjusted for marital status.
‡ P-value for test of linear trend.
§ ORs also adjusted for income and marital status.
� ORs also adjusted for income.
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Among women, income was only weakly related to
risk. Black women with an annual family income of
$10,000–$24,999 had an OR of 1.3 (CI � 0.6–3.0)
whereas white women with an annual income of less
than $10,000 had an OR of 1.3 (0.6–2.7), but no trend
in risk with decreasing income was apparent in blacks or
whites. Education did not appear related to risk among
black or white women. Those who were widowed, sep-
arated or divorced had elevated risks, which were more
pronounced in black women (OR � 1.9; 1.1–3.3) than
in white women (OR � 1.2; 0.7–2.0).

Population Attributable Risks for Individual Risk
Factors

To identify the individual risk factors that contribute
to the black excess, we estimated the PAR for each risk
factor (Figures 1 and 2). The main factors that contrib-
uted to the excess risk of pancreatic cancer among black
men were: cigarette smoking, diabetes mellitus, heavy
alcohol drinking and low income (Figure 1). For smok-
ing, the PAR was 42% in black men and 28% in white
men. The percentage of male controls who ever smoked

cigarettes was similar in blacks and whites (70% and
69%, respectively), but the estimate of risk was higher
for blacks than whites (OR � 2.0 and 1.6) (Table 2). For
diabetes, the PAR was 12% in black men and 7% in
white men. The ORs were similar in blacks and whites
(2.3 and 2.1, respectively), but 11% of black controls
had diabetes compared with 6% of white controls (Table
2). For heavy alcohol drinking (more than 56 drinks per
week), the PAR was 8% for black men and 4% for white
men. Blacks experienced both a higher risk associated
with heavy drinking than whites (OR � 2.2 and 1.4),
and a higher proportion of black controls than white
controls were heavy drinkers (8% and 5%) (Table 2).
For low income, the PAR was 55% in black men and
22% in white men. This difference reflects both the
higher proportion of low-income black controls than
white controls, as well as the higher pancreatic cancer
risk associated with low income for blacks compared
with whites. Seventy percent of black controls had an
annual income of less than $25,000 compared with 42%
of white controls, although the ORs for pancreatic can-
cer were higher for black men than white men at each

FIGURE 1. Population attributable risks for pancreatic cancer risk factors among men, by race.
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level of income (Table 2). Cholecystectomy and never-
married status contributed only slightly to the excess risk
among blacks, with PARs for each factor being less than
5% for men of both races.

The PARs for individual risk factors for black and white
women are shown in Figure 2. Among women, the key

contributors to the black excess in risk were: moderate/
heavy alcohol drinking, moderate/high BMI and marital
status of widowed, separated or divorced. For moderate/
heavy alcohol drinking, the PAR was 17% for black
women and 0% for white women. This difference reflects
the elevated risk associated with moderate/heavy drinking

FIGURE 2. Population attributable risks for pancreatic cancer risk factors among women, by race.

TABLE 2. Association of Various Risk Factors with Pancreatic Cancer, by Sex and Race

Risk Factor

White Black

OR* 95% CI

Percent of
Controls
Exposed OR* 95% CI

Percent of
Controls
Exposed

Men
Cigarette smoking 1.6 1.0–2.5 69 2.0 1.0–4.2 70
Heavy alcohol intake† 1.4 0.6–3.2 5 2.2 0.9–5.6 8
Diabetes mellitus 2.1 1.1–3.8 6 2.3 1.1–4.7 11
Low income‡ 1.8 0.9–3.4 42 2.7 1.2–6.1 70

Women
Moderate/heavy alcohol intake† 0.8 0.4–1.6 15 2.1 1.1–3.8 17
Moderate/high BMI 1.2 0.7–2.0 70 2.1 1.0–4.6 81
Marital status of widowed, separated, divorced 1.2 0.7–2.0 31 1.9 1.1–3.3 53

BMI � Body Mass Index.
* ORs were adjusted for age at diagnosis/interview, study area, cigarette smoking, heavy alcohol drinking, diabetes mellitus, cholecystectomy, obesity, total caloric
intake, cruciferous vegetable intake, income and marital status.
† Heavy alcohol intake was �57 drinks/week for men and moderate/heavy alcohol intake was �8 drinks/week for women.
‡ Low income was �$25,000/year at the time of the interview.
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among black women, but not among white women in our
study (OR � 2.1 and 0.8, respectively), because a similar
percentage of black and white female controls were mod-
erate/heavy drinkers (17% and 15%) (Table 2). For BMI,
the PAR was 47% for black women and only 11% for white
women. This large disparity is attributable to both a higher
percentage of black controls than white controls in the top
three quartiles of BMI (81% and 70%) and a higher risk for
black women than white women in the top three quartiles
(OR � 2.1 and 1.2) (Table 2). For marital status, the PAR
for being widowed, separated or divorced was 29% for black
women and only 4% for white women. This difference is
attributable to both a higher percentage of black controls
than white controls in this category (53% and 31%) and a
higher pancreatic cancer risk in black women compared
with white women (OR � 1.9 and 1.2) (Table 2). Diabe-
tes, although more prevalent among black than white
women, did not appear to contribute to the excess risk
among black women because the OR for black women was
0.6 (CI � 0.2–1.3) compared with 1.8 (0.8–4.2) for white
women. Because 94% of the black women with diabetes in
our study were in the top three quartiles of BMI, the PAR
for diabetes is subsumed below in the summary PARs for
combined risk factors including BMI.

Summary Population Attributable Risks
Table 3 shows summary PARs both for established

risk factors (ie, the combination of ever smoked ciga-
rettes, long-term diabetes, and history of pancreatic can-

cer in a first-degree relative), and for established risk
factors combined with two speculative risk factors that
contributed to the excess among blacks in our study (ie,
heavy alcohol intake and high BMI). Among men, the
PAR for established risk factors was 46% in blacks and
37% in whites. The total age-adjusted incidence rate for
pancreatic cancer for the three areas combined during
the study period was 16.0/100,000 in black men and
12.8/100,000 in white men, yielding a 25% excess risk in
blacks. The complement of the PAR, the proportion of
the disease not explained by established risk factors, was
applied to the total incidence rate to estimate the inci-
dence in men who were not exposed to established risk
factors (ie, nondiabetic nonsmokers with no family his-
tory of pancreatic cancer). In the absence of established
risk factors, pancreatic cancer incidence rates would
have been 8.6/100,000 for black men and 8.1/100,000
for white men, yielding a 6% excess in blacks. When
heavy alcohol drinking and high BMI were taken to-
gether with the established risk factors, the summary
PAR was 53% for black men and 49% for white men. In
the absence of heavy alcohol drinking, high BMI and
established risk factors, pancreatic cancer incidence
rates would have been 7.5/100,000 for black men and
6.5/100,000 for white men, yielding a 15% higher risk in
blacks. When low income (ie, less than $25,000 per
year) and marital status of “never married” were com-
bined with heavy alcohol drinking, high BMI and estab-
lished risk factors (data not shown), the summary PAR

TABLE 3. Population Attributable Risk (PAR) for Established Risk Factors* and Other Factors That Contribute to Excess
Risk of Pancreatic Cancer Among Blacks†

Race/Sex
PAR
(%) 95% CI

Total Pancreatic
Cancer Incidence Rate

(per 100,000)
Pancreatic Cancer Incidence Rate

in Nonexposed‡ (per 100,000)

Established risk factors§
Men

White 37 13 to 62 12.8 8.1
Black 46 10 to 82 16.0 8.6

Women
White 27 4 to 49 9.0 6.6
Black 15 �13 to 43 13.3 11.3

Established risk factors in combination with other factors that contribute to the black excess in risk�

Men
White 49 23 to 74 12.8 6.5
Black 53 13 to 93 16.0 7.5

Women
White 47 2 to 92 9.0 4.8
Black 88 66 to 111 13.3 1.6

* Established risk factors: ever smoked cigarettes, diabetes mellitus (for at least 5 years), and family history of pancreatic cancer.
† Other factors that contribute to excess risk in blacks are moderate/heavy alcohol drinking (men: �57 drinks/week; women: �8 drinks/week), and moderate/high body
mass index (men: top quartile; women: top 3 quartiles).
‡ Obtained by applying the proportion of disease not explained by these risk factors (complement of PAR) to the total pancreatic cancer incidence rate.
§ All PARs were adjusted for age at diagnosis/interview, study area, alcohol drinking, cholecystectomy (at least 5 years before pancreatic cancer), body mass
index, total caloric intake (men: top quartile; women: top 3 quartiles), cruciferous vegetable consumption (�5 times/week), income (�$25,000/year) and marital status
(men: never married; women: widowed, separated, divorced). Nonexposed includes only subjects who were nondiabetic nonsmokers with no family history of pancreatic
cancer.
� Heavy alcohol intake and high BMI were the additional variables included. All PARs were adjusted for age at diagnosis/interview, study area, cholecystectomy, total
caloric intake, cruciferous vegetable consumption, income and marital status. Nonexposed includes: Men: only nondiabetic, nonsmoking men with no family history
of pancreatic cancer who were not in the top body mass index (BMI) quartile and who drank 0–56 drinks/week; Women: only nondiabetic, nonsmoking women with
no family history of pancreatic cancer who were in the lowest BMI quartile and who drank 0–7 drinks/week.
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was 76% for black men and 71% for white men. In the
absence of these factors, pancreatic cancer incidence
rates would have been nearly identical in black and
white men (3.8/100,000 and 3.7/100,000, respectively).

Among women, established risk factors did not ap-
pear to contribute to the black excess in risk (Table 3).
The summary PAR for known risk factors was 15% in
black women and 27% in white women. The total
age-adjusted incidence rate for the three study areas was
13.3/100,000 in black women and 9.0/100,000 in white
women, yielding a 48% excess risk in blacks. In the
absence of established risk factors, pancreatic cancer
incidence rates would have been 11.3/100,000 in black
women and 6.6/100,000 in white women, yielding a 71%
higher risk in blacks. When heavy alcohol drinking and
moderate/high BMI were taken together with known
risk factors, the summary PAR was 88% in black women
and 47% in white women. In the absence of heavy
drinking, moderate/high BMI and established risk fac-
tors, incidence rates would have been 1.6/100,000 for
black women and 4.8/100,000 for white women, yielding
a higher risk among white women. When low income
(less than $25,000 per year) and marital status of wid-
owed, separated or divorced were combined with heavy
drinking, elevated BMI and established risk factors (data
not shown), virtually all of the disease in black women
and about half of the disease in white women could be
explained by this combination of factors. This observa-
tion, however, is based on a small number of black
women (94 cases, 347 controls).

Discussion
Our findings indicate that the determinants of the

higher incidence of pancreatic cancer among blacks
than among whites in the United States vary by sex.
Among men, established risk factors (ie, cigarette smok-
ing, diabetes mellitus and family history of pancreatic
cancer) explained all but 6% of the excess risk among
blacks. When these factors were taken together with
speculative or less accepted factors (ie, heavy alcohol
consumption, elevated BMI and low socioeconomic sta-
tus), it was possible to account entirely for the differen-
tial incidence between black and white men. Among
women, however, established risk factors account for
little of the racial disparity in incidence, which was
explained only by factoring in speculative risk factors.

Our population-based case-control study is the first
analytic investigation designed to identify factors re-
sponsible for the elevated incidence of pancreatic cancer
among blacks in the United States. Despite the large size
of this study, our observations were often based on racial
differences in population attributable risk that had wide
confidence intervals, although they appeared to be
meaningful because of their scientific plausibility. These

findings will require confirmation in future studies. The
generalizability of our findings to other populations will
depend on two factors: the magnitude of risk associated
with established/speculative risk factors and the preva-
lence of these risk factors in a given population. It is
noteworthy that our study population consisted of resi-
dents of mainly urban areas (ie, Detroit, Atlanta and 10
counties in New Jersey) from 1986 to 1989. Exposures to
explanatory variables among blacks and whites in our
study may differ from those in the general U.S. popula-
tion of today, limiting the generalizability of our
findings.

We used the PAR to quantify the proportion of the
black excess that may be attributable to a particular risk
factor or group of risk factors. Because the PAR is
dependent on the definition of exposure, our approach
was to estimate the PAR for both “established” and
“established plus speculative” risk factors, determining
the likely range of the PAR. We defined “established”
risk factors as those exposures that are known causes of
pancreatic cancer. In contrast, “speculative” risk factors
are those exposures that have been linked to pancreatic
cancer in several previous studies but have not war-
ranted a causal interpretation. “Speculative” risk factors
were selected by virtue of elevated ORs in this study or
exposure prevalences in the population controls that
might contribute to excess risk among blacks.

The established risk factors for pancreatic cancer in
our study included cigarette smoking, which has been
convincingly identified by at least 30 epidemiologic
studies.1,19–21 In addition, the risk we observed with
diabetes is consistent with a meta-analysis indicating
that long-standing diabetes is a risk factor for pancreatic
cancer rather than a complication of the disease.22 Fur-
thermore, the familial tendency to pancreatic cancer in
our study is consistent with clinical surveys and with
case-control studies in the United States,23 Canada24 and
Italy25 that have indicated an approximately three-fold
risk associated with a positive family history.

The “speculative” risk factors included heavy alcohol
intake, elevated BMI and low socioeconomic status. The
excess risk associated with heavy drinking in our study,
particularly among blacks,7 is consistent with at least
eight previous studies,26–34 although such an effect has
not been seen in other studies.35–43 Obesity was associ-
ated with elevated risk in our study,8 as well as in others,
with relative risks ranging from 1.2 to 1.7 in some
case-control investigations from the United States44,45

and China,46 and in cohort studies from the United
States47,48 and Denmark.49 In contrast, a multinational
case-control study of pancreatic cancer50–52 and some
case-control studies in the United States53–55 and
Greece56 have revealed no clear relation to BMI.

Evidence that low socioeconomic status is a risk fac-
tor for pancreatic cancer is equivocal.57,58 The elevated
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risk we observed with low socioeconomic status is sup-
ported by some studies,59–65 but not by several oth-
ers.23,66–78 Although it has been suggested that the excess
of pancreatic cancer among blacks might be attributable
to socioeconomic status–related factors79 such as smok-
ing, heavy alcohol drinking and dietary factors, our study
revealed independent effects of low income in men and
marital status in men (never married) and women (wid-
owed, separated, divorced). These variables were associ-
ated with increased risk after adjustment for the con-
founding effects of smoking, heavy drinking and dietary/
nutritional factors. Although few studies have linked
pancreatic cancer to low income58 or marital status,80,81 it
is noteworthy that their effects in our study differed by
race and sex for reasons that are unclear. Socioeconomic
status is a different type of variable than a direct expo-
sure variable such as cigarette smoking. Rather, socio-
economic status is a marker for exposures related to
lifestyle. In the current analysis, inclusion of socioeco-
nomic status in the PAR models more fully explains the
racial disparity in risk, particularly in women. If the
observed associations with low income and marital sta-
tus reflect real differences in risk, these observations
could help focus the search for unidentified risk factors
that are socioeconomic in nature rather than racial in
origin. For example, low socioeconomic effects may be
attributable to increased exposure to infectious agents or
nutritional deficiencies that were not examined in the
present study.

Although income and marital status may be surro-
gates for other risk factors, it is also possible that report-
ing or response bias may be operating. Response bias
appears unlikely, however, for a number of reasons. First,
cooperation rates among those approached for interview
were similar in cases and controls, which would have
resulted in a dilution of effect in the presence of response
bias. Second, a comparison of the distribution of annual
family income reported by our population controls with
that from 1990 census data82 for the three study areas for
the relevant age groups revealed that, if anything, re-
sponse bias could have resulted in an underestimation of
the OR for low income. We found that low-income
(�$10,000 per year) blacks seem overrepresented and
higher-income (�$25,000 per year) blacks underrepre-
sented among the black controls. In contrast, low-in-
come whites were accurately represented (at 10% of the
control group compared with 11% of the census popu-
lation), but higher-income whites were underrepre-
sented among the white controls. Third, response bias
would have been introduced if there was a survival bias,
because a substantial proportion of the cases died before
interview—but in fact, directly interviewed cases and
next of kin of deceased cases reported similar income
distributions.

Cigarette smoking is the only risk factor for which the
PAR estimate for pancreatic cancer has been replicated
in several studies. Our PAR estimate of 27% for smok-
ing6 is consistent with previous estimates ranging from
14% to 35%.19,20,54,83,84 In understanding any multifacto-
rial disease, however, it is critical to evaluate the PAR
for all known exposures. The sum of PARs for individual
factors may exceed 100%, whereas the summary PAR for
all risk factors combined will not exceed 100%. How-
ever, only one previous study of pancreatic cancer has
examined attributable risks for multiple exposures. A
case-control study in Greater Milan reported that a “few
selected risk factors” (ie, cigarette smoking, high meat
consumption and low fruit intake) explained 23% of the
disease.84 A number of the factors implicated in our
study, including diabetes, BMI and socioeconomic sta-
tus, were not considered in the estimation of attributable
risks in the Italian study.

In conclusion, the excess incidence among blacks in
our study population was explained by established risk
factors (mainly cigarette smoking and diabetes) in men
and less accepted risk factors (ie, heavy alcohol drinking
and elevated BMI) in women. The higher PARs in
blacks compared with whites for some exposures such as
elevated BMI were attributable, at least in part, to the
higher prevalence of exposure in blacks. From a public
health perspective, intervention programs aimed at
smoking cessation and reducing excess weight would
have a disproportionately beneficial effect on pancreatic
cancer reduction in blacks. For other exposures such as
moderate/heavy alcohol consumption in women, how-
ever, blacks experienced higher risks than whites at the
same levels of exposure. Although these findings may be
attributable to chance, it is possible that blacks are more
susceptible because of genetic variations in the metabo-
lism of some carcinogens. Molecular epidemiologic stud-
ies will be needed to identify the gene-environment
interactions that may explain racial disparities in the
incidence of pancreatic cancer.
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